We investigated terpenoid biomarkers in muds from lignite seams, clays from porcelain clay beds that slightly contain lignite, and from a conifer cone macrofossil from the Miocene Tokiguchi 
Introduction
Coal and lignite beds are important geological, paleontological and geochemical samples that can provide essential information for terrestrial paleoenvironment and paleoclimate as well as paleobotany. Recently, biomarker investigation of coal and lignite have been performed, and contributed to the understanding of coal-forming paleoenvironment (e.g., Bechtel et al., 2002; Hatcher and Clifford, 1997; Ketola et al., 1987; Quirk et al., 1984; Stefanova and Simoneit, 2008) . In particular, terrestrial higher plant-derived biomarkers such as terpenoids have been suggested to be useful as chemotaxonomic indicators and paleovegetation proxies (Hautevelle et al., 2006; Lockheart et al., 2000; Nakamura et al., 2010; Otto and Simoneit, 2001; Stefanova and Simoneit, 2008; van Aarssen et al., 2000) . However, functionalized terpenoid biomarker, which is frequently contained in immature samples, is less applicable for the assessment of paleoenvironment and paleobotany because fewer compounds have been identified. Indeed, only few works report the presence of polar terpenoids in immature lignite and plant materials (Otto and Simoneit, 2001; Otto et al., 2002; Simoneit et al., 2003; Stefanova and Simoneit, 2008; Stefanova et al., 2005) . Detailed identification of polar terpenoids will help in refining paleoenvironmental and paleobotanical assessments for immature lignite, woody sediment, peat and plant fossil.
The Tokiguchi Porcelain Clay Formation of the Tokai Group, distributed in Tajimi area of central Japan, has been known to have intercalated lignite beds, from which well-preserved plant macrofossils were found (Saneyoshi et al., 2000; Todo Collaborative Research Group, 1999; Tsukagoshi, 2011) . It is noteworthy that this formation contains immature sedimentary material and fossils, despite the fact that it is a Miocene sediment deposited in the central Japan arc, which is an active tectonic region. Depositional environment of this formation was reconstructed (Saneyoshi et al., 2000; Todo Collaborative Research Group, 1999) , but maturation and preservation of lignite and plant fossil have not been systematically evaluated. Sawada et al. (2008) studied hydrolysable alkyl compounds from resistant macromolecules in Pliocene plant macrofossil from the Tokai Group for evaluating paleochemotaxonomy and diagenetic process of the plant fossils.
In this study, we analyzed lignite-containing mudstones, claystones and a plant macrofossil collected from the Miocene Tokiguchi Porcelain Clay Formation of the Tokai Group. Biomarkers extracted from the plant macrofossil are compared with those extracted from extant plants. The objectives of this study are, 1) to evaluate maturity level and preservation processes of immature lignite and plant fossil, 2) to assess plant source and depositional environment of the lignite beds, and 3) to examine applicability of functionalised terpenoid biomarker as paleochemotaxonomic and paleovegetation indicators from immature lignite and plant fossil.
Geological setting
The Tokai Group is located in the eastern part of the middle Miocene to Pleistocene Second Setouchi Supergroup, which is widely distributed in central and western Japan. The group around (Saneyoshi et al., 2000) . In this formation of the Okumura-Seram mine, which is part of the Onada mine, of Tajimi City, seven sedimentary facies such as flood flow (Fl), swamp (C and Fm) and backswamp (Fr) were recognized ( Fig. 3 ; Saneyoshi et al., 2000) , and plant macrofossils of conifer cones and diaspores as well as angiosperm seeds and fruit were found (Saneyoshi et al., 2000; Tsukagoshi, 2011) . These macrofossils were immature and well-preserved in morphology.
Materials and methods

Samples
We collected muds from the lignite seams of OSC-1 and OSC-4 in the Miocene Tokiguchi
Porcelain Clay Formation at the Okumura-Seram mine (Onada mine) of Tajimi City in central Japan Figs. 3 and 5). Paleobotanical description of this fossil was reported by Miki (1941) , and this is thought to be an extinct species. The age of the Tokiguchi Porcelain Clay Formation was estimated to be presumably ca. 10 -12 Ma by fission track dating (Yoshida et al., 1997) . In addition, the extant cones of Pinus rigida and Pinus thunbergii, which may be affiliated to P. fujiii, were collected from the Nagai Botanical Garden in Osaka City, Japan, in November 2002 (Fig. 5) .
Analytical methods
The lignite-containing muds and clays, as well as a conifer cone macrofossil were grinded to a fine powder in an agate mortar, while extant pine cones were cut to fine tips with pruning shears. Free compounds were extracted from powder samples of lignite-containing sediments and a fragment sample of cone macrofossil with distilled water, methanol (MeOH) and dichloromethane (DCM) as described by Sawada et al. (1996; . For extant cones, the tips were steeped in flasks with MeOH/DCM (3/1, v/v) overnight to extract the free compounds as Sawada et al. (2008) . As internal standard, d 50 -tetracosane was added after extraction. Separation of lipids was achieved by adding distilled water to the combined extracts and then DCM layer was siphoned out and passed through an anhydrous Na 2 SO 4 column. The extract was dried in a rotary evaporator and then redissolved in hexane. The lipid contained in the hexane extract was then passed through a silica gel column (95% activated), and the aliphatic hydrocarbon (F1), aromatic hydrocarbon (F2), ketone-ester (F3) and polar lipid (F4) fractions were eluted with hexane, hexane-toluene (3:1 v/v), hexane-ethyl acetate 
Results and discussion
Concentrations of apolar and polar lipid biomarkers in the samples are shown in Table 1 and   Table 2 , respectively. The n-alkanes, diterpenoid and hopanoid hydrocarbons were mainly present in aliphatic hydrocarbon fraction (F1) in lignite-containing muds of OSC-1 and OSC-4, and clays of OSC-2 and OSC-3 (Fig. 6a) . A large amount of diterpanes such as fichitelite (a7) (6.76 -8.40 g / g dry sediment), which is derived from conifer (Otto and Wilde, 2001) , are detected as the most dominant components in these muds and clays. The n-C 20 -n-C 30 alkanes are detected, and their odd-carbon number predominance are hardly observed. The n-alkane maximum is at C 25 for all sediment samples. These trends of the n-alkanes resemble those of gymnosperm fossils as reported by Nakamura et al. (2010) . Hopanoid hydrocarbons detected in the sediments are hopenes including hop-17(21)-ene (a21) and hopanes including C 31 17 (H)-hopanes (homohopanes; a26 and a27).These biomarkers have been shown to derive from bacteria, and therefore, this result indicates that these muds and clays were affected by microbial activity. The C 29 -C 31 17(H), 21(H)-hopanes (a25, a28 and p30), which are usually contained in very low maturity samples, are present as trace compounds in lignite-containing muds. In aromatic hydrocarbon fractions (F2) of all sediment samples, aromatic diterpenoid hydrocarbons including dehydroabietane (b4) and retene (b8) are identified ( Table 1 ). The aromatic diterpanes detected are formed from abietic acid, which is a major constituent of conifer (Otto and Wilde, 2001 ).
The n-alkanol, diterpenoic acid and steroid are mainly detected in polar fraction (F4) of the lignite-containing muds and clays (Table 2 and Fig. 6b ). The highest concentrations of diterpenoic acid are observed for dehydroabietic acid (p10; 6.63 -20.35 g / g of dry sediment). An even-carbon number predominance is clearly observed for the n-C 22 -n-C 28 alkanols (maximum is at C 26 homologue) in all sediment samples. This indicates that these n-alkanols are originated from plant wax and/or n-alkanol units constituting suberin polymer (Pollard et al., 2008) . Noticeably, biosteroids such as -sitosterol (p25) and campesterol (p23) are detected in all sediment samples (Table 2 and Fig. 6b ). Thus, it is confirmed that these sediments are much immature. Also, C 29 stanol, stigmastanol (p26), are identified, and the stanol is known to be commonly formed from biosteroid during early diagenesis (Nishimura, 1977) . Terpenoid biomarkers detected in apolar and polar fractions of all sediment samples are derived from conifer and bacteria, while no angiosperm-derived biomarkers are identified.
The des-A type triterpenes and hopanoid hydrocarbons were detected as major components in aliphatic hydrocarbon fraction (F1) in the fossil P. fujiii ( The diterpenoic acid, triterpenoic acid and steroid are mainly detected in polar fraction (F4) of the fossil P. fujiii (Table 2 and Fig. 7c ). Coniferous bioditerpenoid, abietic acid, is abundantly detected, and its concentration is the highest (258.29 g/g). Dehydroabietic acid which corresponds to the major component of the lignite samples is also a major component of the macrofossil. We also found several diterpenoid acids that have abietane (e.g. 9, 10-secodehydroabietic acid (p1 and p3) and 7-oxodehydroabietic acid (p14)) and pimarane (e. g. isopimaric acid; p6) skeletons in F4.
Angiosperm-derived polar triterpenoids, 30-norlupanol (p15) and 3-oxolupanoic acid (p27), are also identified. Utilizing mass spectroscopy the carbon skeleton of the 3-oxolupanoic acid has been identified but the position of the carboxylic group cannot be determined (Fig. 7d) . At the opposite than what has been observed for F1 and F2 in which these apolar triterpenoids are predominant; they are less abundant in F4. The C 29 stanol (stigmastanol) and biosteroids such as -sitosterol and campesterol that likely derived from plant wax and suberin, are identified in the fossil (Table 2 and Fig. 7c ). This suggests that fossils have been preserved in immature sediment.
We compared the biomarker compositions in extant P. rigida and P. thunbergii with the one of the macrofossil P. fujiii. Chromatograms of F4 and concentrations of biomarker compounds from the extant cones are shown in Fig. 8 and Table 2 , respectively. No terpenoids can be detected in the apolar fractions of F1 and F2. Dehydroabietic acid (p10, p16, p17, p22) and 7-oxodehydroabietic acid (p14) are detected as the most dominant compounds, and unexpectedly, coniferous bioditerpenoid of abietic acid are also detected in only trace amount in P. rigida and P. thunbergii samples. The diterpenoids that detected in both fossil and extant samples are pimaric acid isomers (p4 and p5), isopimaric acid (p6), abieta-6, 8, 11, 13-tetraenoic acid (p8), dehydroabietic acid (p10) and 7-oxodehydroabietic acid (p14). On the other hand, it is found that secodehydroabietic acid (p1 and p3), isopimar-8-ene-18-oic acid (p2), pimaranoic acids (p7 and p9) and unknown diterpenoid acids (p12 and p13) are identified only in the fossil P. fujiii. This suggests that these compounds may be altered after deposition during diagenesis. The unknown diterpenoid acids (p13) have similar structure than dehydroabietic acid, since ion peaks at m/z 239 and m/z 372 exist in their mass spectra (Figs. 9a and 9b ). In addition, the unknown diterpenoid (p17) identified in only extant conifer cone samples is possibly a compound that derived from dehydroabietic acid; the molecular ion (m/z 418) and base peak (m/z 285) corresponds to those (m/z 372 and m/z 239) of dehydroabietic acid plus 46, respectively, in its mass spectra (Fig. 9c) . We confirm that compounds detected in extant cone samples are conifer-derived diterpenoids, that is, no angiosperm-derived triterpenoids are detected, although these compounds cannot be unequivocally identified.
The C 31 hopane isomer ratios of 22S / (22S + 22R) are calculated to estimate the maturity levels of the organic matter in the lignite-containing muds and clays, and fossil from the Tokiguchi Porcelain Clay Formation at the Okumura-Serum mine. As shown in Fig. 10 , these ratios are ranging from 0.11 to 0.15, and confirm that the samples reach a maturation level of lignite. In addition to the detection of biosterols, it can be proved that the lignite and fossil in the Miocene Tokiguchi Porcelain Clay Formation are much immature. Moreover, it can be seen that such retarded maturity of these lignites and fossils are rare if we consider the fact that the Miocene sediment was commonly experienced significant diagenetic processes in an active tectonic region such as central Japan.
Values of the stanol/sterol ratios of the samples are shown in Fig. 10 . The stanol/sterol ratio values of the lignite-containing muds of OSC-1 and OSC-4 (0.92 -0.96) are significantly lower than those of clays of OSC-2 and OSC-3 (1.43 -1.84). Moreover, the stanol / sterol ratio of the fossil P. fujiii has a much lower value (0.48), and that of extant P. rigida and P. thunbergii is nearly zero (0.01). It was reported that the stanol/sterol ratio values increased with sediment depths in lacustrine sediments and peat sequences, and the values might change because of degradation and microbial hydrogenation of biosterols (Andersson and Meyers, 2012, Nishimura and Koyama, 1977) . Thus, this value reflects degree of alteration and/or degradation of biosterol in early diagenetic stage. For example, ratio values between ca. 1 and 2 in the lignite-containing muds and clays in our study are similar or slightly higher than those of the deeper layers (180 cm depth) of the Holocene peat sequence in the Eastern European Russian Arctic (Andersson and Meyers, 2012) , so that the diagenetic levels of lignite-containing sediments in the Onada mine might be similar to those in modern sediments at the depths of several meters. However, it should be interpreted that variations of the stanol/sterol ratios can be attributed to environmental condition rather than the level of diagenetic alteration. Previous studies demonstrated that the stanol was derived directly from an organism (Nishimura and Koyama, 1977) or that the sterol was converted to stanol at the early stages of diagenesis, and that stanol conversion reaction might occur by microbial reduction (hydrogenation)
in the sediment-water interface and anoxic water column of marine and lacustrine environments (Nishimura, 1977; Gagosian et al., 1980) . More recently, Bertrand et al. (2012) reported that the stanol/sterol ratios in sediments varied by the environmental change from swamp to pond, and the variation was primarily controlled by the proportion of autochthonous and allochthonous contribution of organic matter and by the redox potential in sediment. According to the relationship between conversion to stanol and redox condition, the highest stanol/sterol ratio values in clays of OSC-2 and OSC-3 are possibly attributed to enhanced microbial reduction of organic matter under reduced (anoxic) condition. By the analysis of sedimentary facies, the depositional environments of the clay beds of OSC-2 and OSC-3, and the lignite seams of OSC-1 and OSC-4 are evaluated to be backswamp and swamp, respectively ( Fig. 3 ; Saneyoshi et al., 2000) . The swampy environment is characterized by a high stanol/sterol ratio value as reported by Bertrand et al. (2012) . It is predicted that deposition of very fine sediments such as clay results in tight packing of sedimentary matter within the sediment, and the occurrence of an anoxic condition. In the lignite seams of OSC-1 and OSC-4, organic matter might be also preserved under a reduced condition, resulting in high stanol / sterol ratio values. On the other hand, the lower stanol / sterol ratio value of the fossil P. fujiii is resulting from the suppression of microbial reduction under more oxic conditions and the higher contribution of allochthonous organic matter. Indeed, the macrofossil was contained in the sand and conglomerate beds, in which sedimentary facies is debris flow facies ( Fig. 3 ; Saneyoshi et al., 2000) .
Thus, it is presumed that organic matter constituted the macrofossil experienced microbial oxidation rather than microbial reduction under oxic condition in coarse sediment given by debris flow.
The lignite-containing muds and clays are characterized by the predominance of long-chain (C 22 -C 28 ) n-alkanols with even carbon numbers (Fig. 6b) . It was found that plant roots were contained in the lignite seams (OSC-1 and OSC-4) and clay beds (OSC-2 and OSC-3), especially OSC-2 bed, in swampy environments by sedimentological investigation (Sanetoshi et al., 2000) . Plant root is mainly composed of resistant macromolecules such as suberin, which is thought to be mainly composed of n-alkanols monomers containing an even carbon numbers (Pollard et al., 2008) .
Previously our study reported that possible suberin-derived C 22 -C 30 n-alkanols were detected as major hydrolysable compounds from plant macrofossils in the Tokai Group, central Japan (Sawada et al., 2008) . The long-chain n-alkanols detected in the lignite-containing sediments are free compounds, but these compounds might be the products released from suberin macromolecule by biodegradation during early diagenesis. In addition, it was reported that the free n-alkanol was significantly originated from plant root in peatland, China (Huang et al., 2011) . Thus, the predominance of the long-chain n-alkanols can be explained by the autochthonous supply of these compounds by biodegradation of suberins and/or free lipids derived from plant roots.
Coniferous diterpenoids including fichitelite and dehydroabietane in apolar fractions and dehydroabietic acid in polar fractions are detected as the major components in the lignite-containing muds and clays. No angiosperm-derived terpenoids are identified in the sediment samples. Thus, the biomarker composition of these sediments strongly suggests that conifer, especially species of Pinus, contributed significantly to the Tokiguchi Porcelain Clay Formation. However, plant macrofossils of angiosperm seeds and fruit were found from this formation at the Okumura-Serum mine (Saneyoshi et al., 2000; Tsukagoshi, 2011) . Thus, no detection of angiosperm biomarkers from the lignite seams and clay beds is possibly resulting from the selective degradation of angiosperm-derived organic matter in the swampy environment rather than the absence of angiosperm vegetation around the depositional area.
Unexpectedly, we identify several angiosperm-derived triterpenoid hydrocarbons including des-A type triterpenes in aliphatic hydrocarbon fraction (F1), aromatic triterpenoids in aromatic hydrocarbon fraction (F2), as well as norlupanol and oxolupanoic acid in polar fraction (F4) from the conifer cone macrofossil P. fujiii (Fig. 7) . Conifer-derived diterpenoids such as fichitelite in apolar fractions are minor component. It is likely that the diterpenoids can be indigenous compounds of the macrofossil. However, the triterpenoids are considered as contaminants in the sample from sedimentary organic particles originated from detrital waxes of angiosperms. Plant organic mass including the fossil P. fujiii in the sand and conglomerate bed might be transported with mixing of gymnosperm and angiosperm plant particles by debris flow. After the deposition, bioterpenoids in the plant particles were rapidly converted to the terpenoid hydrocarbons with the occurrence of A-ring degradation and/or aromatization in the skeletons by microbial oxidation under oxic conditions in the coarse sediment as mentioned above. The apolar terpenoid hydrocarbons are thought to be more easily migrated within the sediment and to be more efficiently attached to organic particles. Thus, the contamination might occur by migration of organic compounds within sediment after deposition rather than by mixing of sedimentary particles during transport and deposition. This suggestion can be supported by the fact that the angiosperm terpenoids are mainly observed as apolar compounds in the conifer cone macrofossil. On the other hand, there has been a report of major amounts of bioterpenoids such as -amyrin and friedeline in conifer shoot fossils from the Miocene Clarkia Formation and attributed them to migration from leaves (Otto et al., 2005) . However, angiosperm-derived polar terpenoids are less abundant in the polar fraction of the conifer cone macrofossil in our study, so that these terpenoids may be hardly affected by contamination due to migration of organic matter from the adjacent sediments. Thus, it is suggested that the polar terpenoid biomarkers are more reliable as paleochemotaxonomic and paleovegetation indicators.
However, unequivocal identification of such polar terpenoids is difficult, and there are many terpenoids with unknown structures. In the future, systematic investigation for detailed identification of polar terpenoids will be necessary.
Conclusions
Terpenoid biomarkers are analyzed in muds from lignite seams, clays from porcelain clay beds that slightly contain lignite and a conifer cone macrofossil from the Miocene Tokiguchi Porcelain Clay Formation of the Tokai Group. The biomarker results from the cone macrofossil are discussed by comparison with those of extant cones. We conclude that:
1. The n-alkanes, n-alkanols (suberin origin), diterpenoids (conifer origin), hopanoids (bacteria origin) and steroids were mainly present in the lignite-containing muds and clays. On the other hand, the diterpenoids, triterpenoids (angiosperm origin), hopanoids and steroids were detected as major components in the cone macrofossil. In addition, the diterpenoids are mainly detected in the extant conifer cones.
2. The low hopane isomer ratios and the detection of biosterols are confirmed to be rarely immature in the lignite-containing muds and clays, and macrofossil in the Miocene Tokiguchi Porcelain Clay Formation, despite of its deposition in an active tectonic region such as central Japan. 5. The angiosperm-derived polar terpenoids may be hardly added as contaminants by migration of organic matter from the adjacent sediments because these are less abundant in the conifer macrofossil.
Thus, it is suggested that the polar terpenoid biomarkers are more reliable as paleochemotaxonomic and paleovegetation indicators, although systematic investigation for detailed identification of polar terpenoids is necessary. Table 2 Data of polar biomarkers such as diterpenoids, triterpenoids and steroids in sediments from lignite seams and porcelain clay beds, and a conifer cone fossil (P. fujiii) from a sand and conglomerate bed in the Onada mine of Tajimi City, central Japan, and extant conifer cones (Pinus rigida and Pinus thunbergii), cultivated the Nagai Botanical Garden of Osaka City, Japan. (a) dehydroabietic acid TMS (p10 in Table 2 and Fig. 7 ), (b) unknown diterpenoic acid TMS (p13 in Table 2 and Fig. 7) , and (c) dehydroabietic acid derivative TMS (p17 in Table 2 and Fig. 8 ). Figure 10 Stanol/sterol ratios and hopane isomer ratios such as 22S / (22S + 22R) ratios of C 31 hopane (homohopane) of lignite-containing sediments and fossil P. fujiii from the Onada mine, and extant cones P. rigida and P. thunbergii. FosPF: fossil P. fujiii, ExtPR: extant cones P. rigida, and ExtPT: P. thunbergii.
